severe male factor infertility that is based on the principles of IVF and also involves preincubation of oocytes for 3-9 hours in most facilities. [6] [7] [8] [9] [10] On the contrary, some recent studies also report that there is no influence of preincubation in ICSI procedures on laboratory outcomes including oocyte maturity and embryo development. 11, 12 Currently, the necessity of preincubation of oocytes in ICSI is controversial as well as IVF.
Oocytes are normally fertilized soon after ovulation, and the window for optimal fertilization differs among species. If fertilization does not occur within the appropriate period, the unfertilized oocyte remains in the oviduct or culture medium, where it undergoes a time-dependent deterioration in quality, in a process called "oocyte aging," which has been reported as a main cause of compromised embryonic development following IVF, ICSI, and parthenogenetic activation. 13, 14 Therefore, optimization of oocyte aging should improve laboratory and clinical outcomes in assisted reproductive technology. However, in addition to factors that may adversely affect oocyte aging, extended in vitro culture may impair oocyte competence. [14] [15] [16] For example, Wakayama et al 17 reported negative effects of temperature change on mouse oocyte aging, while Goud et al 18 indicated that the production of reactive oxygen species significantly enhanced oocyte aging. Also, cumulus cells can reportedly accelerate the aging progression of both in vivo-and in vitro-matured oocytes. [19] [20] [21] On the contrary, Takahashi et al 22 reported that cumulus cells partly prevent poor embryonic development during in vitro aging. Furthermore, several chemicals, including vanadate, 23, 24 nitric oxide, 25 and trichostatin A, 26, 27 are known to regulate oocyte aging.
The focus of the present study is the effect of cumulus cells on the oocyte aging process, as these cells play important roles in oocyte maturation and subsequent embryonic development. [28] [29] [30] Although preincubation of oocytes before ICSI is carried out without removal of cumulus cells in some facilities, [8] [9] [10] [11] a recent study of the murine cumulus cell-oocyte complex (COC) reported that prolonged culture of oocytes with intact cumulus cells induces apoptotic changes, [19] [20] [21] suggesting that oocyte denudation should be performed as soon as possible after oocyte retrieval. Although some researchers have investigated the optimal timing of cumulus cell removal in ICSI procedures, 8, [10] [11] [12] 31 there is yet no consensus.
Therefore, the aim of the present study was to determine whether the presence of intact cumulus cells during the preincubation period for ICSI should be considered as a critical factor in fertilization and embryonic development.
| MATERIAL S AND ME THODS

| Patients
The study protocol was approved by the Institutional Ethics
Committee of the reporting IVF Osaka clinic in Osaka, Japan. The cohort of this prospective randomized study was limited to infertile women younger than 39 years of age who underwent controlled ovarian stimulation for ICSI between October 2013 and May 2015
and whose embryos were to be incubated until day 5. Women with estradiol (E2) levels of <2000 pmol/L on the day of human chorionic gonadotropin (HCG) injection were excluded. The schedule and experimental groups in the present study are described in Figure 1 . The participants were randomly divided at the time of HCG injection into two groups according to the timing of cumulus cell removal, which was conducted immediately after oocyte retrieval in Group A (21 patients, 21 cycles) and 120 minutes after retrieval in Group B (33 patients, 33 cycles).
| Ovarian stimulation
Two ovarian stimulation protocols with the use of gonadotropin-releasing hormone (GnRH) agonist or the GnRH antagonist were applied in the present study. Intranasal buserelin acetate (Suprecur;
Mochida Pharmaceutical Co., Tokyo, Japan) was initiated on day 21 of the previous cycle and continued until the day of HCG trigger to prevent an endogenous surge in luteinizing hormone during the long protocol. Recombinant follicle-stimulating hormone (rFSH; 150-300 IU; Gonalef; Merck Serono Co., Tokyo, Japan) was injected from day 3 to 6 of the treatment cycle. Human menopausal gonadotropin (HMG; Ferring Pharmaceuticals Co., Tokyo, Japan) was administered from day 7 until follicle maturation.
During the GnRH antagonist cycles, rFSH injection (150-300 IU)
was initiated on day 3 of the treatment cycle and replaced with HMG on day 7. Administration of the GnRH antagonist (Ganirest; MSD KK, Tokyo Japan) was started on day 7 of the stimulation cycle to inhibit a premature surge in luteinizing hormone.
In both ovarian stimulation protocols, the HMG dose was adjusted according to the follicular response, as determined by serial transvaginal ultrasonography and measurement of serum E2 levels until the day of HCG administration (5000-10 000 IU, Mochida Pharmaceutical Co.), which was given subcutaneously when there were at least three follicles with diameters of >17 mm or E2 levels >3000 pmol/L. Oocyte retrieval was performed by transvaginal ultrasound-guided puncture of the ovarian follicles at 36-38 hours after HCG administration.
| Timing of cumulus cell removal, maturity verification, and ICSI
The retrieved COC was incubated in fertilization medium (G-IVF TM ;
Vitrolife, Gothenburg, Sweden) until cumulus cell removal at 0 min- 
| Fertilization check and embryo culture
Oocytes with two visible pronuclei at 16-20 hours after ICSI were considered as normally fertilized and immediately cultured in Continuous Single Culture® medium (Irvine Scientific) until day 5.
The degree of blastocyst formation was determined on day 5 of the culture. The grade of blastocyst expansion, inner cell mass, and trophectoderm formation was evaluated based on Gardner's classification system. 32 Blastocysts with an expansion grade of >2 with an inner cell mass and trophectoderm grades of A or B, respectively, were defined as being of good quality.
| Embryo transfer and cryopreservation
The embryos which reached blastocysts were transferred into the patient's uterus or cryopreserved. The cryopreserved blastocysts were thawed and transferred in the other cycle. Clinical pregnancy was determined by observing a gestational sac.
| Statistical analysis
Maturation, fertilization, blastocyst, good quality blastocyst, pregnancy, live birth, and miscarriage rates were compared between Groups A and B (Figure 1 ). The characteristics of patients and laboratory data are expressed as the mean ± standard deviation of the mean and tested for significant differences by the Student's t test.
Blastocyst and good quality blastocyst rates were based on embryos cultured to day 5 in each cycle. In addition, laboratory between both the groups were also compared according to each ovarian stimulation protocol, the long and the antagonist protocols.
The analysis of the pregnancy data between the groups was based on single blastocyst transfer cycles and the first embryo transfer cycle after the oocyte retrieval. For comparison of the pregnancy data, Fisher's exact test was used. A probability (P) value of <0.05 was considered statistically significant. As shown by the laboratory data in Table 2 , there were no significant differences in maturation rates (84.2% ± 12.9% vs 88.1% ± 11.3%), fertilization rates (88.4% ± 10.2% vs 88.0% ± 11.2%), or blastocyst rates (62.8% ± 30.0% vs 73.7% ± 23.3%) between Groups A and B. However, the percentage of good quality blastocysts was significantly higher in Group B than Group A (52.0% ± 30.8% vs 33.1% ± 28.4%, respectively; P = 0.03). The laboratory data in each ovarian stimulation protocols are also included in Table 2 .
| RE SULTS
No significant differences between Groups A and B were found in the both ovarian stimulation protocols, except good quality blastocyst rates in the long protocols. The good quality blastocyst rate of Group B was significantly higher than Group A in the long protocols (55.9% ± 31.2% vs 34.2% ± 24.9%; P = 0.03).
The clinical data are shown in Table 3 . No significant differences between Groups A and B were confirmed in pregnancy rates (57.1% vs 78.9%), live birth rates (50.0% vs 63.2%), or miscarriage rates (12.5% vs 20.0%, respectively).
| D ISCUSS I ON
As previously stated, if fertilization does not occur within the appropriate period, unfertilized oocytes remain in the oviduct or culture medium and undergo oocyte aging, which impairs oocyte competence. 14, 16 In our facility, the percentage of blastocysts gradually worsened in a time-dependent manner over a 5-hour period before ICSI (data not shown). Hence, all ICSI procedures in the present study were started at 2.5-4.0 hours after oocyte retrieval and completed within 5 hours to eliminate the risk of oocyte aging caused by extended in vitro culture. As shown in Table 1 , the periods from oocyte retrieval to ICSI completion in Groups A and B
were similar (257.2 and 263.6 minutes, respectively). Therefore, it is possible to compare the effect of the timing of cumulus cell removal on embryonic development capacity regardless of the effect of oocyte aging.
Although many studies have attempted to determine an optimal time for cumulus cell removal in ICSI procedures, [8] [9] [10] [11] [12] 31 there is currently no consensus. According to a recent report on the culture of murine COCs, long-term culture of oocytes with intact cumulus cells induces apoptotic changes. [19] [20] [21] Therefore, oocyte denudation should be completed as soon as possible after oocyte retrieval. In our laboratory, cumulus cells are denuded immediately to 120 minutes after oocyte retrieval and the ICSI procedure is started between 2.5 and 4.0 hours after retrieval. In this study, the denudation time was set 0 minutes after retrieval (Group A), the shortest timing of cumulus cell removal in our normal clinical practice, or 120 minutes (Group B), the longest.
TA B L E 2 Laboratory outcomes of ICSI cycles according to the timing of oocyte denudation
In some articles reporting the optimal timing of cumulus removal, only the duration of preincubation was investigated and ICSI was conducted just after cumulus cell removal. However, the investigation period of that study may have been insufficient because there was a significant difference in embryonic development at day 5 in the present study. Hassan reported that preincubation with intact cumulus cells improved blastocyst development, which is compatible with the results of the present study. 30 In addition, that study reported the beneficial effects of intact cumulus cells during the preincubation period on maturation and fertilization. The differences in the results between the previous and the present studies might be due to the lack of an exact definition of the timing of oocyte retrieval after HCG trigger. Furthermore, whereas they reported only laboratory data, the present study includes the pregnancy outcomes, which is one of the most suitable indicators of the embryo quality. Although there were no statistical differences in the present pregnancy data between the groups because of the small number (Table 3) , the pregnancy and the live birth rates in Group B were better than those in Group A.
Based on the outcomes of previous murine studies on oocyte aging accelerated by cumulus cells, [19] [20] [21] we hypothesized that the oocytes denuded immediately after oocyte retrieval (Group A) would have higher capability of embryonic development. However, the results of the present study showed that the percentage of good quality blastocyst was significantly higher in Group B than Group A (Table 2) , which may have resulted from the difference in the site and stage of the retrieved oocytes. In the cited murine studies, [19] [20] [21] oocytes were collected from the oviduct ampulla after ovulation, while oocytes were aspirated from the antral follicles before ovu- It is known that in vitro COCs are sensitive to oxidative stress, and reactive oxygen species (ROS) accelerate the oocyte aging.
Therefore, scavengers of ROS can slow down oocyte aging progression. 33, 34 Cumulus cells of porcine 35 and hamster 36 generate glutathione, which is known as a scavenger of ROS. Furthermore, Takahashi et al 22 also reported that the level of ROS increased in in vitro aged oocytes, and cumulus cells prevent oxidative stress of the oocytes by preventing ROS generation. In the present study, the oocytes of Group B might be prevented from aging progression by the function of glutathione. As the result, the embryonic developments in Group B might be better than that in Group A (Table 2) . It awaits further studies on analysis of the components in the culture media after the preincubation of the COC, including ROS to reveal the mechanism.
In summary, the results of the present study showed that the presence of intact cumulus cells during the preincubation period is one of the important factors in embryonic development after fertilization. However, intact cumulus cells should be maintained during the preincubation period for ICSI. 
